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ABSTRACT

The increase in air traffic volume within the National
Airspace System has pronpted the Federal Avi ati on
Administration to explore nore efficient nmethods of
conducting Air Traffic Control. Toward this end, a project
to develop Sinultaneous Non-Interfering (SNI) Routes for
rotary wing aircraft has been undertaken. In order to
devel op these routes with an appropriate |level of safety,
the ability of a rotary wing pilot to fly an assigned path
with the aid of dobal Positioning System navigational
equi prent nmust be eval uat ed. This evaluation nust be
conducted initially in a simulated environnment. So as to
record the nobst accurate hunman performance data possible,
the sinulated airspace nust be as close to reality as
possi bl e. The goal of +this thesis is to accurately
simulate the airspace for use in the devel opnent of SN
rout es. In order to create a realistic sinulated flying
environnment the performance and visual presentation of
other air traffic was made to perform as they do in the
real world. In addition, the radio transm ssions heard by
the sinmulator pilot were designed with both tineliness and
accuracy with regard to the air traffic scenario. Through
the use of these visual and aural <cues, a realistic

ai rspace simulation was created.
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. 1 NTRODUCTI ON

A. PROBLEM STATEMENT

The National Airspace System (NAS) has experienced a
steady seven to eight percent increase in the volune of air
traffic for the past decade. The projection for future
growh is that the rate of annual increase wll remain
constant. (Ref [1]) Currently the percentage of flight
del ays eval uated as vol une del ays conprises nearly one half
of all non weather delays recorded in the NAS. (Ref [7])
The problem of flight delays is nore than just one of
i nconveni ence. The presence of flight delays has an
econom ¢ factor due to the fact that delays invariably cost
noney. I n sonme cases delays are even nore costly when one
considers the delay of aircraft on |lifesaving m ssions. As
the volume of traffic continues to increase, to naintain
the status quo in how air traffic is handled will quickly
transformthe problem of congested term nal area airspaces
into situations where safety is conprom sed. The
prohi bitive cost of building nore airfields has precluded
this as a viable solution to the problem  The burgeoning
t echnol ogi es in navi gati on to i ncl ude The d obal
Positioning System (GPS) are being under-utilized wth
regard to the NAS. The current procedures in place within
the NAS are based upon navi gati onal equi pnent accuracy that
has been far outpaced by current technol ogy.

B. OBJECTI VES

The objectives of this thesis is to develop an
ai rspace simulation with a high degree of realism for the

purpose of providing the environnent for the testing



required in the devel opnent of Sinultaneous Non-Interfering
(SNI') routes. SN routes will use GPS navigation equi pnent
in rotary wing aircraft to arrive at or depart airfields or
transition through airspace while operating nmuch closer to
fixed wing arrival and departure routes than is currently
al l owed under FAA regulations. Once inplenmented SNI routes
will allow the sinultaneous operations of dissimlar
aircraft at the sane airfield and in close proximty, thus
elimnating a |large cause of air traffic delays. The focus
of this thesis is on creating a sinulated airspace wth
realistic sinulated aircraft flying in a manner consi stent
with real world flight performance. Additionally this
thesis ainms to provide realistic voice comunications in
the sinulated environnment that are consistent with radio
transm ssions that take place between Air Traffic Control
personnel and pilots conducting flight operations in
term nal environnent airspaces.

C. THESI S ORGANI ZATI ON

The second chapter of this thesis concentrates on the
hi story and background of the current procedures of air
traffic nmanagenent in termnal environnents and a potenti al
sol uti on. The project to develop SNI routes is eval uated
in regard to the potential advantages and what the

devel opnent process will entail.
Chapter 111 breaks down the basic procedures of air
traffic control in termnal environnents. This level of

know edge is necessary in order to evaluate the realism of
the sinul ated airspace. Once the base |evel know edge is

i ntroduced, the specifics of the simulated airspace are



pr esent ed. The chapter concludes with the C++ code that

creates the sinulation.

Chapter 1V considers the future applicability of the
si mul ati on. The manner in which the sinulation could be
used toward the developnent of SN routes is presented.
Met hods of determining the effectiveness of the simulation

inregard to realismare introduced.
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1. H STORY AND BACKGROUND

A TERM NAL AREA Al R TRAFFI C CONTROL
1. Current State of Air Traffic Managenent

The current ATC procedures in use for the nanagenent
of sinultaneous operations of fixed wing and rotary w ng
traffic in termnal environnents is less than optinal. The
reliance on distance separation is based on rules
established nmany years before the advent of the highly
preci se navigational equipnment available on nost aircraft
today. The result of this outdated separation criteria is
a less efficient use of airspace than is possible wth
current technol ogy.

2. The Probl em

The continually expanding volume of air traffic
wor| dwi de has served to exacerbate the bottleneck of in-
flight traffic in termnal environnments. The current
regul ations for aircraft separation, specifically in regard
to sinultaneous rotary and fixed wng operations in
term nal environnents were devel oped when the volune of air
traffic was not as robust and when the state of
navi gati onal precision, from both electronic navigational
equi prent and flight control systems, required a relatively
| arge safety buffer to be calculated into the separation
criteria. The problem created by suboptinmal handling of
air traffic in terminal environnents is twofold. The first
part of the problemis fiscal. The extra tinme spent in the
air represents noney lost by the aircraft operator in the
form of extra fuel having to be burned. This fiscal issue

is of real concern to an industry that as a general rule

5



operates close to the margin. The second part of the
problemis that of wasted time. The issue of wasted tine
spent airborne has a dual nature as well. In order to
maxi mze their wuse of the aircraft in their fleet,
commercial airlines operate wunder an aggressive tine
schedul e. The result of wunexpected delays due to the
si mul taneous handling of rotary and fixed wng aircraft is
the disruption of the commercial airline schedule. Due to
the volume of air traffic and the aggressive scheduling
these delays can be propagated quickly throughout the
Nat i onal Airspace System (NAS). The other aspect of the
problem with wasted time is the nature of sone of the
rotary w ng operations. The use of rotary wing aircraft
for nedical energency mssions (Lifeflight) is w despread.

It is often the case that a rotary wing aircraft on a
nmedi cal emergency nmission in a netropolitan area will need
to fly through a termnal airspace. Even though a
Lifeflight aircraft will be given priority handling through
a termnal environnent, based on the current traffic
scenario, sonme delays will be experienced by the Lifeflight
aircraft due to the requirenent to safeguard all aircraft.

An exanple of this is that a junbo jet on a short fina

approach can’'t sinply disappear because of the sudden
presence of a Lifeflight needing to cross the extended
centerline of the runway. Anot her cause for Lifeflight
delay is the presence of wake turbul ence. Wke turbul ence
is the spirals of turbulent air that extend downward and
outward behind an aircraft and are nuch nore severe from
| arger aircraft. There are a nultitude of causes for
delays for all aircraft in a termnal environnent. The

unnecessary delays resulting from obsolete regulations or
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t he non-use of current technology are areas that should be
reviewed for the purpose of maximzing the flow of air
traffic.
B. S| MULTANEOUS NON- | NTERFERI NG ROUTES

1. FAA Initiative

The FAA has initiated a proposal to investigate the
devel opnment of Sinultaneous Non-Interfering (SN) flight
within the NAS. SNI flight by definition would override
the separation criteria normally associated with rotary
wing flight within a termnal environnent. The FAA' s
initiative would take advantage of The @ obal Positioning
System (GPS) and the inherent flight characteristics of
rotary aircraft, t hose  of slow flight and hi gh
maneuverability.

2. Potenti al Benefits

The inplenmentation of SNI routes into the NAS could
potentially result in an inmediate positive inmpact to the
safety and economcs of air flight. The overall volune of
traffic in termnal environments could be increased by
allow ng the sinultaneous operations of rotary and fixed
wing aircraft. Concurrently the chances of a m shap could
be significantly decreased through the |ogical devel opnment
of the SNI routes so as not to interfere with the nornal
flow of arrival and departure fixed wng aircraft.
Al t hough the airspace of a termnal environnment can be a
busy place, there is nore airspace that is not used than is
used. This fact coupled with the high maneuverability of
rotary wing aircraft presents a vast untapped resource.
The safety factor is evident by not requiring the m xing

of the slower and smaller rotary wing aircraft with the



| arger and faster fixed wing aircraft. Ideally the rotary
wing aircraft would not even use the sane |anding surface
as the fixed wing aircraft (i.e. the use of |anding pads or
surfaces separate from the established runways). The
econom ¢ benefit is self evident. More passengers and
cargo that can arrive or depart froma location in the sane
anount of time represents an econom c boon. There is also
a cost saving factor involved with SN routes. Fewer
del ays due to inconpatible traffic equates to less tine in
the air and |ess noney spent on fuel. Time saving also
will benefit, as not all SNI routes need to termnate at a
| andi ng surface. The concurrent devel opnment of SN routes
to transition through a term nal environnment airspace woul d
benefit Lifeflight aircraft specifically, but all aircraft
in general.
3. Devel opnent of SNI Routes

It is quite clear that the devel opnent of SN routes
will bring many benefits. The nore daunting task is where
to put SNI routes or nore precisely within what proximty
to established fixed wing traffic corridors can SN routes
be placed. This leads to another question which is whether
or not SNI rout es Wil | be strictly for Vi sual
Met eorol ogical Conditions (VMC) or for both VMC and
| nst runent Met eor ol ogi cal Conditions (IMO). VMC are
nmet eorol ogi cal conditions expressed in ternms of visibility,
di stance from cloud, and ceiling equal to or better than
specified mnim. (Ref.[2]) Flying under VMC conditions is
called flight wunder Visual Flight Rules (VFR). IMC are
nmet eor ol ogi cal conditions expressed in the same terns as
VMC but that are less than specified mnim for VM
Flight wunder |[IMC <conditions is called flight under

8



I nstrument Flight Rules (IFR). For the case of |IFR SN
routes the proximty of these routes to established fixed
wing flight corridors becones a function of the accuracy of
the Gobal Navigation Satellite System (GNSS) and the
ability of qualified pilots to adhere to the SN route.
There will naturally be a margin for error factored in to
t he devel opnent of SN routes, but what is the margin of
error? In order to make SNI routes effective and safe, the
margin for error nust be nore strict than for the
traditional airways within the NAS. Airways (V-routes and
J-routes), which are the primary navigational routes within
the NAS, are established as two mle w de corridors. The
margin for error afforded to pilots navigating an airway
would not be acceptable for a SN route in a term nal
envi ronnent .
a. Flight Path Adherence

The first step in developing SNI routes is to

conpare the use of GPS navigation to visual navigation for
pilots of rotary wng aircraft to determne if a
significant reduction in flight path variation can be
achieved. The ability of a pilot to adhere strictly to an
established flight path with a small anount of variation is
the keystone that SNI routes will be built on. In the
absence of strict flight path adherence, SN routes would
introduce a potentially hazardous variable to already
hi ghly congested term nal environnent airspaces.
b. Simulation

It isn't feasible for flight path adherence (FPA)

testing to be conducted in a live flight scenario, at |east

not in the early stages of SN route devel opnent. The
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safety of the airspace could be conprom sed. In addition
the type of data that needs to be recorded would be
difficult to acconplish inside a rotary wng aircraft.
There are many factors which need to be considered and
adj usted during the FPA testing. The nain piece of data to
be collected is the ability of the pilot to adhere to the
assi gned pat h. However, other factors can be manipul ated
which could result in a greater ability to fly the assigned
flight path. Through the use of eye tracking technol ogy
and by neasuring the head novenent of the pilot the
pl acement of the GPS navigation device within the cockpit
can be adjusted to produce the best pilotage. In addition
the presentation of the GPS navigation display itself can
be altered in further efforts to inprove FPA Thr ough the
use of eye tracking technology, it can be determ ned where
the pilot is looking and the duration and frequency of his
gaze on any object. The eye tracking results can be
conpar ed against the Flight Path Adherence data and changes
may be inplenented in the placenent or display of the GPS

navi gati onal equi pnent. The ability to quantify and
deci pher pilot eye fixation will illustrate to what extent
the use of GPS navigation will aid in the devel opnent of

SNI routes. These are just a few of the nultitude of human
performance factors that wll need to be neasured and
adjusted in the effort to maximze the pilots ability to
fly the assigned route. The sheer nunber of variabl es nake

[ive flight testing unfeasible.

The conundrum presented now is that FPA nust be
tested in a sinulated environnent but for reasons that are
all too obvious, there nust be few or no artificialities in

t he sinmul ati on.
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The necessity of simulating accurately the pil ot
interface (the flight control s) and t he ai rframe
performance characteristics are also quite apparent. The
reali sm however nust be taken down to the snmallest detai
to ensure the safety of the eventual real world use of SN
rout es. There are a great many flight sinmulators on the
mar ket today and there are sone that have accurate flight
control and airframe performance characteristics. However,
the aspect of realismthat is mssing fromthese sinulators
is the accurate representation of distractions to a pilot

that are present in a congested term nal environnent.

The ability of a pilot to achieve a high degree
of Flight Path Adherence in a sterile environnent is
worthless for use in a real world environment. In order to
develop safe and efficient SN routes, the level of FPA
required nust be at a level that is achievable in the

presence of all the distractions to pilotage in the rea

wor | d. Once inplenented, SNI routes will be navigated in
the m dst of wel | devel oped term nal air traffic
envi ronnent s. Ther ef or e, during devel opnent, t he
mani pulation of all the variables associated wth SN

routes (proximty to other aircraft, speed, altitude,
degree of turns, etc.) nust be conducted under realistic
sinmul ated conditions. Once a pilot has nastered the
ability to fly his own aircraft then the greatest danger to
himis the presence of other aircraft in the sky. The npst
hazardous area in which to operate an aircraft is in a
termnal environment due to the fact that a pilot won't
experience such a large nunber of aircraft all operating in
a small space anywhere else in the sky. In order to

simulate a termnal environnment for ©pilotage testing
11



pur poses these factors nust be included. That is the
presence of other air traffic nust be a part of the
si mul ati on.

Achieving a high degree of realismin a termnal
environnment sinmulation is where current flight sinulators
fall short. The key to achieving realism is in paying
attention to the details. One small detail in a sinulation
can potentially skew the results of the testing. A pilot
has many factors to focus on while in the air. Aside from
piloting his own aircraft, a pilot’s concern is focused on
other aircraft in the air (visually) and information
gathered fromradio transm ssions (aurally). |If either one
of these aspects of a sinmulation is deenmed to be artificial
by the pilot in the flight sinmulator then a realistic focus
by the test subject on that aspect will not be achieved.

The presence of artificialities in the sinulation can cause

the pilot to “play” the simulator, which wll invalidate
the human performance data that is collected. The
resulting lack of focus on one aspect wll permt an

unconsci ous and unrealistic shift away from one aspect to
allow nore and wunrealistic attention to other aspects,

t hereby skewing the results of the test.

Consider the —case of an experienced pilot
conducting a Flight Path adherence sinmulation in a
sinmul ated term nal environnent. The pilot will begin the
simul ation using his own nornmal eye scan pattern. An eye
scan pattern is an inplenentation of aircraft pilot nulti-
tasking. This reginmented shift of focus enables a pilot to
keep updated on all flight variables, which include not

only a multitude of instrunents and readouts in the cockpit

12



but also other aircraft in his local vicinity. Anot her

vari able included in the nulti-tasking problem presented to

a pilot is the necessity of listening to radio
transm ssi ons. Radio transm ssions directed to the pilot
will be prefaced with his aircraft’s call sign, so he wll

have a cue when a transm ssion pertains directly to him

However, especially while operating in a termna

environnent, due to the high volune and density of air

traffic, a pilot wll glean information from every
t ransm ssi on. This information will cone both from Ar
Traffic Control and from other pilots. The pilot wll
continually process aural information and relate that
information to visual cues (other aircraft). In order to
safeguard his own aircraft a pilot in a termnal
environment becones an air traffic observer. Wi | e

certainly not responsible for controlling all the aircraft
in the airspace as an Air Traffic Controller is, the pilot
is aware of the intentions and actions of all the aircraft
in the airspace. In this way the pilot should not be
surprised by the actions of other aircraft and can

continually update the term nal airspace scenario nentally.

This exanple serves to illustrate one of the
distractions to pilotage that are present in a termnal
envi ronnment . In the sinulated scenario, realism can only
be attained if these distractions both visual and aural are
presented realistically. |If other sinmulated aircraft don’t
fly in a manner consistent with the flight specifications
for that type of aircraft or they don't adhere to the
airspace’s traffic patterns then the value of the other

simulated aircraft as realistic distractions is |ost.

13



Simlarly, if radio transmssions, don't follow the FAA
phraseology or if they are artificial in timng or content,
then the value of the aural distraction is lost for the

si mul ati on.

Once the integrity of realistic distraction is
broken then the pilot flying the sinulator will alter his
eye scan pattern and alter his reaction to radio
transm ssions received. Once this happens the percent of
mental focus directed towards pilotage increases to an
unrealistic level and the pilotage results will not reflect

arealistic result.

The airspace sinulation project presented wth
this thesis focuses on achieving realistic distractions.
The wvalue of a realistic airspace sinulation as the
foundation for developing SNI routes is extrenmely high.
The mission of Air Traffic Control is “The safe, orderly,
and expeditious flow of air traffic” (Ref[2]). The
achievenent of this mssion as it relates to the
devel opnment of SNI routes requires that the starting point
be a realistic (in all aspects) termnal environnment
ai rspace sinul ation
C. CHAPTER SUMVARY

The volune of air traffic present in the National
Ai rspace System is constantly growing and this increase is
nost evident in termnal environnents. The current
procedures for handling a mxture of fixed wing and rotary
wing air traffic is less than optimal. The capabilities of
current navigational technology coupled with the unique
flight characteristics of rotary wing aircraft present the

possibility of developing Simultaneous Non-Interfering

14



Routes in and through term nal environnment airspace. The
i npl ementation of SN routes would be greatly beneficial

both in terns of flight safety and in econom c ternmns.

The FAA has proposed the developnent of SN routes
Before these routes can be developed the ability of a
rotary wing pilot to adhere to a designated path through
the use of GPS navigational equipnent nust be determ ned
Through this determ nation, the placenment of SN routes at
a safe distance from fixed wng flight corridors can be
est abl i shed. In order to accurately determne the ability
of rotary wing pilots to adhere to a designated path, a
realistic termnal environnent airspace simnulation nust be
devel oped. This sinulation nust be realistic in al
aspects, especially in ternms of distractions to pilotage
(i.e. ot her aircraft in the airspace and radi o

transm ssi ons).

15
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[11. | MPLEMENTATI ON

A.  TERM NAL ENVI RONMENT Al R TRAFFI C CONTROL
1. Controlled Airspace

Controll ed airspace is an airspace of defined

dimrensions within which air traffic control service is
provided to IFR flights and VFR flights in accordance with
the airspace classification. Controlled airspace is a
generic termthat covers Cass A B, C, D and E airspace.
Controlled airspace is also defined as that airspace within
which all aircraft are subject to certain pilot
qgual i fications, operating rules, and equi prment requirenents
as delineated in the appropriate Code of Feder al
Regul ations (CFR Part 91). For IFR operations in any class
of controlled airspace, a pilot nust file and IFR flight
pl an and receive an appropriate ATC clearance. Each Cd ass
B, C, and D airspace area designated for an airport
contains at |least one primary airport around which the
ai rspace is designated. (Ref[2])

a. (Cass D Airspace

The sinul ated airspace for this project is Cass
D airspace (Figure 1). The reasons behind choosing class D
airpace for the sinmulation will be presented in a later
section followng the explanations of the procedures and
details of this type of airspace. Class D airspace is
defined as that airspace from the surface to 2,500 feet
above the airport elevation (charted in MSL) surrounding
those airports that have an operational control tower. The
configuration of each Class D airspace area is individually

tailored and when instrunent procedures are published, the
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ai rspace wll normally be designed to contain the
procedures. Arrival extensions for instrument approach
procedures may be Class D or Cass E airspace. Unless
ot herwi se authorized, each person nust establish two-way
radio communications with the ATC facility providing air
traffic services prior to entering the airspace and
thereafter maintain those conmunications while in the
airspace. No separation services are provided to VFR
aircraft. (Ref[6])

Figure 1. dCass D Airspace (Ref[5])

b. Traffic Patterns

The traffic patterns and flow of traffic is
different from one Class D airspace to the next. By
definition the dinensions of one Class D airspace differ
from another as well (with the exception of the ceiling
altitude in reference to the airfield elevation). The
dianmeter of the airspace wll be established as |I|arge
enough to contain the flight procedures that are in place

at the airfield. In general traffic patterns wll be
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established that are simlar from one Cass D airspace to

anot her.

(1) Duty Runway. The runway in use or
duty runway is determined by the direction and velocity of
the wind at the airfield. In the case of a calmw nd (Iless
than 5 knots) the duty runway will be chosen by the control
t ower based on established noi se abatenent procedures. For
winds of 5 knots or greater, the runway with the greatest
headwi nd conmponent w Il be chosen. Based on the duty
runway, the active traffic patterns for the airspace wll

be det er m ned.

(2 Patterns. Traffic patterns will be
simlar in any Cass D Airspace. A standard traffic
pattern is roughly oval in shape and is sonetinmes referred
to as a racetrack pattern. The direction of turns for the
aircraft determne whether it is referred to as left hand
or right hand traffic. The figure below (Figure 2) is an

exanpl e of |eft

Do
Leg
Base A Crosswind
Leg 1 Leqg
Firnal
Approach

>

Upewind Leg

Figure 2. Typical Airport Traffic Pattern from (Ref[4])
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hand traffic. Several traffic patterns will be stacked on
top of each other separated by 500 feet. These altitude
separated patterns will each be designated for a particular
type of aircraft based on perfornmance and speed. A typical
airfield would have a rotary wing pattern at 500 feet Above
Ground Level (AG), another pattern for propeller driven
aircraft at 1000 feet AG, a third pattern for jet aircraft
at 1500 feet AG., and a final pattern for the mlitary
overhead procedure at 2000 feet AG.

(3 Pattern Entry Procedures. Part of
the conplexity of air traffic control and in navigating

safely through a term nal environnment airspace is the fact

that aircraft will enter the airspace and traffic patterns
from all different directions. The sinplest entry is a
straight in approach (Figure 3). Anot her comon approach

is the dowmwi nd entry (Figure 4) in which the arriving
aircraft enters the pattern on the dowmmwind leg. A cross
wind entry (Figure 5) is when the aircraft crosses over the
airfield at pattern altitude and turns onto the downw nd
leg or sinply enters the crosswind leg. The |ast type of
approach is the mlitary overhead procedure (Figure 6)
which begins like a straight-in approach, flies over the
runway at the overhead altitude and then uses the renainder
of the racetrack pattern to | ose speed and altitude.

—

Figure 3. Straight-in Approach
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Figure 4. Downw nd Entry

T

Figure 5. Crosswind Entry

-

Figure 6. Overhead Procedure
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c. Traffic handling

(1) ATC Duties. The primry purpose of

the ATC systemis to prevent a collision between aircraft
operating in the system and to organize and expedite the
flow of traffic. In addition to its primary function, the
ATC system has the capability to provide (with certain
l[imtations) additional services. The ability to provide
additional services is limted by many factors, such as the
volunme of traffic, frequency congestion, quality of radar
controller workload, higher priority duties, and the pure
physical inability to scan and detect those situations that
fall in this category. (Ref[2])

(2) Procedures. Before entering a Cass D
airspace and at all times while operating within the

ai rspace, a pilot nust be in constant two-way conmuni cation

with the control tower. The control issues all clearances
for operations such as take-off, |l|anding, touch and go,
etc. Anot her duty of the air traffic controller is to

issue traffic calls, as there are often a |arge volune of
aircraft operating simultaneously within the airspace the
traffic call is an invaluable tool for the controller and
the pilot.

(3) Duty Priority. First priority is
given to separating aircraft and issuing safety alerts as
requi red. Good judgnent shall be used in prioritizing al
ot her duties based on the requirenents of the situation at
hand. Because there are nany variables involved, it is

virtually inpossible to develop a standard list of duty
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priorities that would apply uniformy to every conceivabl e
situation. Each set of circunstances nust be evaluated on
its owm nerit and when nore than one action is required,
controllers shall exercise their best judgenent based on
the facts and circunstances known to them That action
which is nost critical from a safety standpoint s
performed first. Additional services are provided to the
extent possible, <contingent only upon higher priority
duties and other factors including limtations of radar,
volume of traffic, frequency congestion, and workload.
(Ref[3])

(4) Operational Priority. Air traffic
control services are provided on a "first come, first
served" basis. An aircraft conducting IFR flight does not
have priority over a VFR flight due sinply to the nature of
its flight plan. An I FR aircraft may have to adjust its
flight path in order to enter a traffic pattern wth
arriving VFR aircraft. There are exceptions to the “first
conme, first served” guideline. An aircraft in distress has
the right of way over all other air traffic. Priority is
also given to air anbulance flights using the call sign
“LI FEGQUARD’. The use of this call sign indicates a request
for priority handling.

(5) Sequenci ng. The safe, orderly, and
expeditious flow of air traffic in a term nal environnent
is acconplished by the air traffic controller through
sequenci ng. Sequencing is the arranging of aircraft
operating in the airspace in a logical nmanner in order to
provide for enough spacing between aircraft to maintain

safety. Sequencing of aircraft is carried out with the
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knowl edge of each aircraft’s perfornmance characteristics

and the pilot’s intentions.

(6) Phraseol ogy. There is a standard
phraseology used by Ar Traffic Control when issuing
i nstructions or clearances. In order to safeguard agai nst
m sunder st andi ngs between pilot and controller and to
prevent the need to repeat transm ssions due to vagueness
of language, a standard set of phraseology was devel oped

that is used by all controllers.

B. Al RSPACE S| MULATI ON

1. Methods
The airspace sinmulation was built as a Vega

appl i cation. Vega is a high performance visual sinulation
system devel oped by MiltiCGen-Paradigm The Vega software
devel opnent environment is an industry-I|eading application
for realtine visual simulation enabling the efficient
devel opnent of conprehensive realtine simulations. (Ref[5])

Vega is a systemthat can be used to construct a sinulation
application quickly, wth the highest perfornmance possible.

To acconplish this, Vega includes LynX, a graphica

interface that provides the ability to construct the bulk
of an application in a point and click environment. LynX
generates an Application Definition File (ADF) that is used
to configure the application. The ADF in which the
simul ated airspace was created, was used in conjunction
with C++ code in order to add the additional aspects of

realismthis project sought to achieve.
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2. Model Design

The FAA project to investigate the devel opnment of SN
routes is in its infancy and for that reason a real world
airspace has not been chosen as the basis for their
testing. For that reason a fictitious airspace with a
generic airfield arrangenent was created for this project.
The primary criteria for developing the sinulated airspace
was not the airfield layout, but rather the presence of
realistic sinulated aircraft and radio transm ssions. The
| ayout of the airfield does govern, to a large extent, the
traffic patterns available in an airspace. However, for
pur poses of creating a realistic airspace through which the
pilot of a rotary wing aircraft can navigate, the airfield
design is irrelevant so long as the traffic patterns and
the aircraft on those patterns behave in a realistic
f ashi on. The other aspect of realism that this project
seeks to achieve, that of realistic auditory distractions
to pilotage, is independent of airfield |ayout other than
restricting the sheer volume of transm ssions. This one
restrictive point can easily be overcone by adjusting the

volunme and conplexity of the sinulated air traffic.

a. Airspace

The type of airspace chosen for this sinulation
was Class D. Although a Class B or C airspace would all ow
the nodel to sinulate one of the major airports in the NAS,
Class D airspace allows a higher degree of freedom for
mani pulating the flight of other aircraft and still

mai ntaining a high degree of realism The volume of air
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traffic in a Class D airspace is significantly |ess than

the other two types of term nal environnents.

However, it is very realistic to experience the
entire range of arrival and departure flight profiles.
Wereas in real world Class B or C airspaces, due to the
heavy volunme of air traffic there is little nore than
straight in arrivals and straight out departures. In
addition, the presence of aircraft conducting nmnultiple
practice approaches in Class D airspace is conmmonplace.
Practi ce approaches, which are the activity of an aircraft
that enters the pattern to conduct a |ow approach or a
touch and go, followed by a repeat of the sane, are very
rarely seen in Class C or B airspaces. Most heavy use

airfields allowonly straight-in full stops and departures.

By using a Class D airspace for the simulation, a
nore dynamic and challenging air traffic scenario was
devel oped. The level of conplexity of air traffic is
scal eable to allow variance in sinulation scenarios. The
goal was to create an environnment in which a high vol une of
air traffic with nultiple flight and pattern profiles were
present in a limted size of airspace in order to create
the nost dynamic visual distractions to pilotage while

mai ntai ning a high degree of realism

For these reasons the sinulated airspace is a
Class D airspace supporting a single runway (runway 3/21)
which is 5577 feet long x 196 feet w de. The airfield
el evation is set at O Mean Sea Level (MSL). The ceiling of
the airspace is 2500 feet Above G ound Level (AG) and the

di aneter of the airspace is five Nautical Mles (NM.
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b. Traffic Patterns

In order to create a dynamic traffic environnent
possible, all the traffic patterns are in use by the
sinmulated aircraft. The duty runway for the simulation is

runway 3 and the traffic pattern is right hand traffic.

The pattern altitudes are described in table 1. 1In
Pattern Al titude
Rotary W ng 500 AGL
Fi xed Wng (propeller) 1000 AGL
Fi xed Wng (jet) 1500 AGL
Mlitary Overhead Procedure| 2000 AGL

Tabl e 1. Pattern Altitudes

addition to the standard patterns, an airspace transition
profile is used to add nore conplexity. The pattern for an
ai rspace transition is sinply to cross through the airspace
at the appropriate pattern altitude assigned to that type
of aircraft. Figure 7 is a top-down depiction of the
airfield and traffic patterns. So as to ensure an air
Traffic scenario that can be tailored to any |length of test
flight by the pilot flying the flight sinulator aircraft,
the traffic patterns are coded to fly |1|oops. When a
sinmul ated aircraft departs after a practice approach, the
flight path will bring the aircraft back into an arrival
profile. The paths that are flown take the aircraft

outside of the C ass D airspace.
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Figure 7. Traffic Patterns in Sinulated Airspace

For added realism the flight profiles of the
aircraft while outside the Cass D airspace are consistent
with the flight profiles they would have under real world
conditions where they would be under the control of an
Arrival /Departure Controller from a Radar Ar Traffic
Control Facility. The only exception to this realismis
with the aircraft flying the transition pattern. In this

case the sinmulation sinply resets the aircrafts position
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once it reaches the end of its path. The begi nning and end
of the transition path are well outside of the Cass D

ai rspace.

For the purpose of evaluating pilotage toward the
devel opnent of SN routes there is no need for the
si mul at or pi | ot to fly in the wvicinity of t he
aforenentioned artificiality. This lack of realism was
introduced for ease of conmputer code re-use and is

transparent for the purpose of this sinulation.

c. Aircraft

The aircraft included in the airspace sinulation
were chosen for their high [evel of common usage within the
NAS. Another factor in the airframe choices was to present
a variety of size and performance characteristics. Table 2
lists the aircraft type and the assigned flight patterns
for each of the sinmulated traffic aircraft. The aircraft

Aircraft Type|Assigned Pattern

C- 130 Touch and Go (remain in the pattern)
F- 15 Over head Procedure

Dash 8 Overflight (transition)

DC10 Downwi nd Entry

KC- 135 Straight-In

KC-130 Crosswi nd Entry

A- 10 Touch and Go (remain in the pattern)

Table 2. Aircraft Types and Assigned Patterns
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were nmatched up against the type of pattern that is
consistent with the type of approach they would conduct in
a real world environnent (e.g. the DCLO woul d never conduct

t he overhead procedure).

d. Visual Realism

The anount of realism achieved in the sinulation
is the gauge by which the project is viewed as a success or
failure. The ability to manipulate the flight aspect
variables to such a fine degree of precision through the
use of LynX in the developnent of the simulation was
instrunmental in achieving realistic flight profiles for the
simul ated air traffic.

The flight aspect variables of heading, pitch,
and roll were available for assignnent and the application
enabled a snooth transition during flight aspect changes
The assigned patterns were devel oped through the use of the
“pathing tool” in LynX The pathing tool provided the
capability to establish waypoints along a path. At each
waypoi nt the six variables of aircraft position (x, y, and
z values) and orientation (heading, pitch, and roll) could
be established for position. The speed could be set at a
constant velocity for the current path segnment (between
waypoi nts) or the beginning and ending velocities for the
current path segnent could be set. For the path segnents
bet ween the waypoints, the LynX pathing tool, provided the
use of a spline curve to ensure a snooth curve was
produced. Wth the aircraft performance characteristics as
a reference, the pathing tool nmde the <creation of

realistic air flight possible through the careful placenent
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of waypoints and the precise assignnent of values for each

one.

e. Auditory Realism

One of the glaring artificialities in nmost flight
sinmulators on the market today is the radio transn ssions
that are heard by the sinulator pilot. Sonme sinply have
background radio transm ssion noise, while others have
radio transm ssions that one might actually hear over a
radio in a termnal environnent. The focus of npst other
flight sinmulators is quite dissimlar to the airspace
simulation for this project. Many flight sinulators are
nore of a video ganme than anything else and therefore the
realismthey seek is not what is needed for the devel opnent

of SN routes.

Still others are not just video ganes, rather
they are tools used to develop the skills necessary to fly
a real aircraft. Those simulators achieve their objectives
adm rably, but they would produce nisleading results if
used during the devel opnment of SNI routes as their |evel of
realismis |limted to what they tried to achieve. The
radi o transm ssions one does hear in other sinulators nmay
i ndeed be real ATC phraseol ogy, but the glaring problemis

that transm ssions have little relevance to the air traffic

situation. In this way even real ATC instructions on these
sinmulators becone Ilittle nore than annoying background
chatter.

In order to achieve auditory realism the path of
all seven simulated aircraft had to be tracked and ti nmed.
Wth this information decisions had to be made from an Air
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Traffic Control standpoint about when in the sinmulation
different clearance or traffic advisory information would
be transmtted. Al'l the transm ssions were then recorded
as individual wave(WAV) files. The appropriate ATC
transm ssions were then set up to play at the proper tine.
The only transm ssions that were not recorded ahead of tine
are those that pertain to the sinmulator aircraft. The
sinmulator aircraft is a dynamc entity in the airspace
simulation, that is there is no way of telling ahead of
time, what traffic calls or clearance information will need
to be issued to the sinmulator aircraft in reference to the
other air traffic and vice versa.

The necessity of achieving auditory realism is
equal |y as inportant as that of visual realism in the
creation of a sinulated airspace for the purpose of
eval uating pil ot age. A pilot in the real world will use
radio transmi ssions to augnent his situational awareness.
The processing of this auditory input is a distraction from
piloting the aircraft. The nonentary shift of attention
from the aircraft instrunents and terrain of t he
environment is constantly occurring especially when a high
volune of air traffic exists wthin the airspace.

3. Using the Application

a. Starting Points

When the sinulation begins the airspace will be

in the mdst of an already developing air traffic scenario
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as depicted in figure 8.

Figure 8. Screenshot of Reconmended Sinulation Start
Poi nt .

The maxi num ef fecti veness of the sinmulation wll

be gained by establishing the starting point roughly North
and West of the airfield. The greatest interaction wth
other aircraft wll occur if the sinmulated pilot is
directed to fly his aircraft in a airspace transition
pattern with the goal of reaching the a point roughly South
and East of the airfield. Figure 9 displays a portion of
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the flight path where the traffic situation is well
devel oped.

hen

Figure 9. Screenshot of Well Devel oped Traffic Scenario

b. Air Traffic Control Input

Most of the radio transm ssions originating from
ATC or fromthe sinmulated aircraft will be carried out by
t he sinulation. However, to achieve the desired |evel of
auditory realism a certain nunber of dynam c transm ssions
will need to be nade based on the speed at which the
simulated pilot transitions through the airspace. For this
reason, to maximze the realism of +the airspace the
adm ni strator of the sinmulation or his designee wll be

required to evaluate the developing air traffic scenario
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and issue proper radio transm ssions at the appropriate
tinme.

It would be highly beneficial toward this end, if
the person transmtting the dynamc ATC traffic calls was a
qualified Air Traffic Controller. If this is not possible
then alternatively soneone with an extrenmely good working
know edge of airspace and Air Traffic Control matters could

serve in this capacity.

c. Tailoring the Scenario

When the scenario begins all the sinulated
aircraft are active and present in the airspace. If there
is a need to sinplify the scenario at any tine, for
what ever reason, the sinulated aircraft can be renoved on
an individual basis. The function also exists to reset all
aircraft to their starting points, essentially a scenario
reset button. The automated traffic <calls and ATC
cl earances issued are tied to the presence of the aircraft

in the scenario. When an aircraft is renmbved no nore
transm ssions to or from the renpved aircraft wll be
hear d.

C. CHAPTER SUMVARY

The airspace chosen for this sinulation is Cass D
ai rspace. It offers the nost flexibility in creating a
conplex scenario while maintaining the |evel of realism
required for this project. The use of Cass D airspace
provides the ability to create a scenario using a nultitude
of traffic pattern profiles and pattern entry profiles. In

addition the conducting of nultiple practice approaches
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would only be a realistic goal within a C ass D airspace.
The goal in creating the airspace was to provide a scenario
that would present a conplex array of realistic visual

distractions to the sinulator pilot.

The other aspect of realism that this sinulation
sought to achieve was that of auditory realism I n order
to sinulate the attention that a real world pilot gives to
ATC transm ssions in a term nal environment, the sinulated
transm ssions had to be constructed and delivered
accurately for both content and situational relevance.

The realism presented in this scenario is necessary in
order to sinmulate the one inportant aspect that can't be
aut omat ed. That aspect is a realistic division of the
sinmulated pilot’s attention anong flight control equipnent,
visual environnmental cues (air traffic) and auditory cues
(ATC transm ssions). If the realismis degraded in either
the visual cues or auditory cues then this sinulation |oses
effectiveness toward the evaluation of pilotage in a

congested term nal environnent.
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V. CONCLUSI ONS

A.  GENERAL CONCLUSI ONS

The airspace simulation presented in this thesis is
the logical first step in developing Sinultaneous Non-
Interfering Routes for rotary wing aircraft. Due to the
i nherently hazardous nature of SN routes the nost
i nportant aspect of the airspace simulation is that the
hi ghest level of realism possible be achieved. The
sinmul ati on presented provides a high degree of realism for
both visual and auditory cues. The sinmulated airspace
provides the environment for all manner of testing and
evaluating that nust be acconplished during the devel opnent

of SN routes.

B. FUTURE WORK

The future use of the project fromthis thesis is the
evaluating of sinulated rotary wing pilotage in a term na
envi ronment . Evaluating pilotage is a conplex issue with
many opportunities for results to be skewed. The very
purpose of SN routes requires that pilotage be tested
within close proximty to other standard ternina
environment air traffic. The purpose of SN routes is to
provide the capability for nore air operations to be
conducted in a shorter anmount of tinme through the use
si mul t aneous operations of dissimlar aircraft with a cl ose
proximty to each other. The evaluation of pilotage wll
determine to what degree a rotary wing pilot can adhere to
an assigned flight path through the use of GPS navigati onal

equi pnent. Toward this end an analysis of the factors that
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woul d cause the pilot to stray off course nust be conducted
in order to to ensure those factors are included in the
si mul ati on. The following factors are deened to be those
that could contribute to pilotage errors: 1) pilot skil

| evel, 2)GPS equipnent inaccuracies, 3) distractions that
draw the pilots attention away from the task of flying the
correct path. O these factors, the first two relate to
the rotary wing flight sinmulation rather than to the
ai rspace sinmul ation. The flight controls used to fly the
simul ated helicopter nust be accurate both visually and by
function. The factor of GPS equi pnent inaccuracies wll
becone an issue for those make the geographic decisions
concerning the placenent of the simulated SN route. The
third factor that contributes to pilotage error is what the
ai rspace sinulation nust provide. The other aircraft in
the simulation nust fly according to established air
traffic patterns while adhering to their airframe
performance characteristics. In addition the radio
transm ssions that the sinulated rotary wng pilot hears
must be equivalent to those that would be heard in an

actual term nal environnent airspace.

The inportance of providing realistic distractions to
the pilotage is of high inportance. There are several
met hods that could be used to validate the accuracy of the
di stractions to pilotage. The first is the use of eye
tracking technology to map the pilot’s eye scan pattern. A
baseline for each test subject nust be established before
any sinulated flying occurs. The eye novenents of the
pilot should be tracked while flying in a real world
termnal environent airspace of a simlar nature to the

simul ated airspace. The same eye novenents should be
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tracked for the pilot during all simulated flight tine.
The conparison and analysis of these results wll yield the
answer to whether the visual cues in the sinulation served
as realistic distractions to pilotage. The second nethod
of validating the accuracy of distractions to pilotage is
to neasure the effectiveness of the auditory cues in the
simulation. One nethod for testing the auditory realismis

to admnister a test immediately following the conpletion

of each live flight and sinulated flight. The test would
require the pilot to recall the overall air traffic
scenario that was present during the flight tine. The
pilot will be asked to recall in as nmuch detail as possible

the call signs, type of aircraft, activity of all aircraft
in the airspace, and any other recollections relevant to
the flight which just conpl eted. A conparison of recall
accuracy between the live and sinulated flights will aid in
validating the level of realism achieved by the auditory
cues. In addition tinme coordinated recordings of all
transm ssions heard over the radio should be conpared to
the time coordinated eye tracking results. The analysis of
this data will determne if the eye novenents due to the
content of radio transm ssions were conparable in both the
live and sinmulated flights. This result also will aid in

validating the realismof the auditory cues.

C. APPLI CABILITY TOWARD THE FAA'S SNI PRQJECT

1. Sinmulated Airspace Requirenents

The first step in developing SN routes is to

determine their feasibility through evaluation of rotary
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wi ng pilotage using GPS navigation. It is inmpractical to
conduct such evaluations in a real world environnent.
Therefore a sinmulated environment nust be used. Due to the
high risk nature of air flight in termnal environnments the
level of realism required for evaluating pilotage is

extrenely high.

2. SN Flight Path Variation

Once the level of realism is determined to be
acceptable, the results of +the sinulated flight path
adherence can be gathered with a high degree of confidence.
The variables of flight path variation that should be
recorded for each instance of variation are: 1) duration of
flight path deviation, 2) maxinmum distance of deviation,
and 3) the aircraft flight aspect at the tine of the
devi ati on. The flight path variation results could be
mat ched up against the airspace scenario in an effort to
determne the cause of the variation. This result could
potentially be wused in future SN route qualification
training but is irrelevant to determning the appropriate
separation mnima criteria for devel oping SN routes. For
purposes of deciding how close SNl routes can safely be
placed to fixed wing flight corridors, the cause of a path
variation is of no concern, whereas the |evel of deviation

is of primary concern
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